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The sea-level p e r f o m m e  of an 1-16 turbofet engine at zero 
ram was  fnvestigatsd to determine the effects of an intake duct, a .  
ehroud, and a tail p i p e  Intended f o r  Fnstalllatfon in an XF'R-1 air- 
plane. The investigation was conducted  over a range.of w i n e  speeds 
from 8000 t o  16,500 r p  f o r  several mangemente of. the  intake  duct 
and tafl pipee: the XE'R-1 duct,  shroud, and tiail pipe  vith the 
boundary-layer slot d08d and open a d  with boundaryLlayer removal 
by suction; the XFR-1 duct  with 8 tall pipe  from a P-59A airplane 
and boundargr-layer removal; and with no intake  duct or shroud with 
both  th3 P-59A and the XE'R-I tail pipes. The data were corrected t o  
standard amspheric conditions and then adjusted to a common exhawt- 
gas temperature. 

The maximum total-pressure loss in the Intake duct and ahroud 
of 3.36 percent of t he  ambient preieure, occurred  with .the boundary- - 

lager s l o t  open at a corrected ro to r  epeed of 16,500 rpm. The . 
attendant lose Fn thruet  was 90 pounds. The intake-duct to ta l -  
pressure  loesee f o r  the other three configurations Kith the duct 
were between 2.64 and 2.70 percent-of the ambieat pressure wi€h 
accompanying t h u s t  loasee of 80-to 86 pounde at  the same engine 
ro to r  speed. The m a x f m m  t h r u s t  1068 caused by the XE'R-1 tail plpe, 
as compared  with  the P-59A tail pipe,  m e  24 pounds at a corrected 
rotor speed of 15,OoOO rpm. A t  maximum corrected  rotor  speed 
(16,500 rpm) the thrust lose caused by the m-1 tail pipe wa8 
13 pounds. - 
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INCRODUSTION 

NACA FM No. E7G24 

At  the  request of the Bureau of Aeronautics, mvy Department, 
an investigation  has been conducted  to  deternine  the  effects of an 
intake  duct,  ehroud, &ad %ail  pipe,  2xtended f o r  imtallation i n  
the X!JB-1 airplane, on the sea-level perfcrmance of an 1-16 turbojet 
eng’lne  at zero ram over a range of engine  speeds from 8000 to 
36,500 w. . . 

The performance of the engine fitted  with  the ?ZR-1 intake duct 
was investigated  with  the following arrangements of the  boundary- 
layer-removal slot: (1) closed, (2) open to ambient-air conditians 
in the  cell, and (3) open with the boundary layer removed by an 
exhaueter. !Che results with these configuratfanrr w e  compared with 
the perfomce of t he  engine  without an intake duct. The engine 
performance with the XFR-1 tail pipe and wLth a tail pipe from the 
P-59A airplane is a lso  compared. Engine perfomname characterlstice 
are adjusted to common  exhauet-gas  temperatures( after correction to 
standard inlet  conditiona)  to  provide an accurate basie of comparison. 

A sketch of %he XER-1 intake .duct  and shroud is preaented in 
figure 1. The general  design of the duct was determinod by the 
intended  installation of an 1-16 turbojet engine in the rear of the 
fuselage of the m-1 airplane. A duct inlet is providod f o r  
installation  at  the  leading edge of each w i q  to  admit  air  to  the 
engine. The sharp bends neoeaeitated by the  widely eeparatod inlets 
are  provided with turning vanes to reduce preseure lossee. Smooth 
i n l e t  contotme, euch as those in the wing,  were provided during the 
investigation by su i tab le  inlet nozzles (fig. I). 

The construction of the joint between the duct and the shroud 
waa such that an annular pae~lage about 3/8 inch  wide on a 26-inch 
diameter was provided f o r  removal of the  boundary layer in  flight. 
The boundary-layer  slot  is  illustrated in figure 1 where detail A 
shows the boundary-layer slok cloaed and detail B 8hW8 the 
boundary-layer slot open. The general arrangement af the equipment 
ueed for boundary-layer  removal is shown in figure 2 .  A Roots-type 
exhauster powered by a variable-speed  electric  motor was connected 
to an annular chamber  (detail A, fig. 2 )  through which the boundary 
layer w8e removed. The m s s  flaw of a i r  removed f’rm the intake duct 
by the  errhauwter w88 controlled by varying  the speed of the  electric 
motor. 
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The XEl-1 and P-59A tail  pipes  and  nozzles used in this investi- 
gation are shown in figure 3. The XEIR-1 tail  pipe is about  twice 
the  length of' the.P-53A tail pipe. The respective  nozzles  differ 
slightly in contour but have the same thrat diameter. 

Installation. - The gemral arrangement of the equipment is 
illustrated in fig&< 4. A photograph of the eetup l e  presented in 
fwre 5. The d e t a i l s  of the engine Tn&.allation and the  methode 
ezrgloyed to measure the important per3"ormance  characterietice, that 
is, thrust, a i r  flow, fuel flow, and rotor speed, are  described in 
reference I. 

Instrumentation. - The section8 and the stations at which the . 

setup was inetrumented f o r  temperature and pressure  measurements are 
sham in figure 6 .  

The pressuree  meaeured and the location, t m ,  and number of 
pressure-measuring hatrument8 were as folluws: 

(1) Ambient ~IWEBIEEI Pb, 1 open-end tube In quiescent zone 
of cell 

(2) Total preseure at eection A of  duct PA, 10 t o t a l -  
pressure  tubea, .5 at each  duct  inlet 

(3) Total  pressure at section B of duct pB, 38 t o t a l -  
pressure  tUbeE (10 rakes) 

(4) Total preeswe at section C of shroud PC, 6 total- 
pressure  tubes in shroud rake 

(5) Compressor-inlet  total pressme P1, 36 total-pressure 
tubes, 4 equally spaces groups of 3 around fro=* W e t  8creen and 
8 equally-spaced groups of 3 around rear inlet  screen 

The temperatbe8 measured and the location, type, and number 
of thermocouples were ae follows: 

(1) Ambient  temperature TO, 2 stagnation thermocouples, 1 at 
center of each  duct  inlet 

(2) Compreesor-inlet +,emperatwe Tl, 12 unshielded  thermo- 
couples, 4 equally  spaced around front compressor inlet, 8 equally 
spaced  around rear compreseor inlet 
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(3) Ekhaust-gas indicated  temperature T7, 6 NACA shielded 
thermocouples connected Fn parallel, f o r  which positions a r e  s h m  
in f igum 3 . . .  

Freesure6 were measured on multitube manmeter panele.  Simul- 
taneous  readings were obtained  by  photographing the entire panel. 
Teruperature8 were indicated  by  self-balancing  potentiametere. Iron- 
constantan  themnocouplee were ueed for air-temperature  measurements 
and chromel-alumel thermocouples for Combu6tiOn-g8s-tfrmp0rat~0 
measurements, 

Procedure. - The- engine perfomaance waa detsrmined over a range 
of engine speeds from BOO0 to 16,500 rpm for the follawlng tail-pipe 
and intake-duct  configurations: 

- Configuration Intake Tail  pipe 
and nozzle 

A XFR-1 duct, boundary-lapr slot closed x~R-1 

B XFR-1 duct, boundary-layer  Blot open XFR-1 

C XFR-1 duct,  boundary-layer  reanoval by XFR-1 
auction 

. D  XFR-1 duct,  boundary-layer removal by €"59A 
suction 

E No intake duct nor shroud . P-59A 

F No intake duc t  nor ehroud XFR-1 

Configurations A and B were investig8ted with the aetup 
illustrated in ff- 4. With configuration B, a i r  f lared i n k 0  
the intake duct through the boundary-layer elot and therefore removal 
of the boundary layer was -prevented. Approximately 2 percent of the 
mass air flaw through the intdce duct  (computed from volumetric 
dieplacemsnt of 'exhauater) was removed  through the boundary-layer 
slot  at  all  engine apeede xith configurations C and D. 

The following  symbols are used in  this  report: (For symbols 
used in appendixes .A to D, eee appendix A) 

L 
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thrust , ( 1b ) 
specific fuel coneumption, (Ib) /(hr) (If; tkrust) 

rokor ~ p e e d ,  (rpm) 

total preasul'e, (lE)/(sq in. absolute) . , 

total  (or  indicatmd)  temperature, ( O R )  

a i r  flow, (lb]/(sec) 

f u e l  flow, (lb)/(hr) 

. .  

- 1  
ratio of ambient-air  preseure to NACA etmdard sea-level pres- 

sure (14.7 Ib/sq in. 8bSOlUte) 

ratio- of ambient-air  temperature  to mCA standaril sea-level 
temperature (519' R) 

Subscripts : 

0 abient (cell) 

c 

1 compressor lnlets 

7 tail  pipe 

A intake duct, section A 

B intake duct,  section B 

. C shroud, section C 

c corrected to standard inlet conditione and adgueted  to c ~ m m ~ n  , 
exhaust-gaa  inaicated  kemperature 

t calculated from inlet total-pressure loseee (theoretical data) 
balsed on cOlIimdn exhaust-gas  temperature 

METRUJX OF CALCULATION 

Correction  to  standard -sea-level conditione. - All the per- 
formance data were corrected to standard atmospheric  aonditione 

"-Y 

4 -  
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(14.7 Ib/sq in. absolute and 519O R) . For the e x i n e  equipped  with 
the XFIR-1 intake duct and sbroud, the ambient conditions were 
measurod at the  duct  inlets, For the engine w-lthout the  duct and 
the shroud, the ambient vetmure was measare3 a t  the campressor 
inlets. Measurement of the  ambient  temperature  at ti,e campressor 
inlets, however, would  not have penalized the ttngFne f o r  heating 
the  inlet a i r  by heat  transfer from the compreeeor casing. Moreover, 
the ambient-air  temperatum had to be meaeured indirectly  because of 
large-temperature  variations w f t h i n  the c e l l . .  Therefore, on the 
assumption  that  the  temperature r.ise ,betweep the cell and t h e  
compressor  inlet ie the same whether or not the duct and the ahroud 
are installed, the  ambient-air  temperature wag taken ae the  meaeured 
campressor-inlet  temperature 91 minus the temperature rise in the 
intake duct that occurred when the. duct was irmtalled (fig. 7)  . 

The following corrected  performance m i a b l e s  are used: 

F/8 corrected t h r u e t ,  (lb) 

f/ fi corrected  apecific  fuel  consumption, (lb)/(hr) (lb thrust) 

N/ @ corrected  rotor speed, (rpm) 

P/8 corrected t o t a l  pressure, (lb)/(sq in. absolute) 

T I 0  corrected  indicated  temperature, (OR) 

W, @/8 corrected a i r  flow, (lb )/(set) 

Wf/8 f l  corrected f u e l  flaw, (lb)/(hr) 

Adjuetment of data to common exhaust-gae temperature  required 
because of intake-duct preaaum loss .  - For an eng3ae equippod wfth 
a f ixed-alee  exhaust nozzle and operating  at a given ro tor  speed, 
pressure loss in the intake duct and tail pipe causes an increase 
in exhauat-g&s  temperature. On the other hand, f o r  an e@ne 
operating a t  a given  rotor speed, an Increase i n  exhauet-nozzle size 
cau8ea a reduction in exhaust-gas temperature. Because  the  exhauet- 
gas temperature is a 1Fmiting  factor in engine operation, an engine 
operating with intake-quct.and  tail-pipe  preesure loseee required 
an increased  exhaust-nozzle size to prevent  exceeding the maximum 
allowable  exhaust-gas  temperature  at rated ro.t;or speed, . 

It is  therefore  important when the reaulta of this  investiga- 
tFon  are  compared that they a l l  be based on cmon'exheuat-gae 
temperatures. The c~mm~n exhaust-gas temperature8  selected for this 
investigation  were. .@ken wit& configuration E (no intake  duct nor 

t 

b. 
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shroud, P-59A tail ’pipe). AdJu8t~xmt of the  perfomnance d a t a  to 
these  t&per&turee  consiats in fin?fng the  increaeed  nozzle  sizes 
required  to  obtain  the  desired c~mm~n temperatures  and  then  evaluating 
the  changes in performance variablee resulting fran these  changes in 
nozzle eize. 

Curves of performance variables  againat  exhaust-nozzle  diameter 
for VEC~OUS intake-duct  1,osses,  tsil-pfpe losses, and rotor  speeds 
should be  used  to  adjuet  the data to ccmaon exhaust-gas temperatures. 
Because  suoh CWT~E ware unavaflable and their determin8tion was 
beyond the scope of the  investigation,  curves of performance  variables 
against  ebhaust-ncezle  diameter  plotted f’ron: the data of reference 1 
were used, Uee of the c q e s  obtained from reference 1 Imposes the 
assumption  that curves of perfommce with  various  intake-duct and 
tail-pipe  pressures  losses  are parellel to curves of performance  with 
no pressure 1088. 

Curves of exhaust-gas  temperaturaagainst  exhauet-nozzle  diameter 
for  various  rotor  speeds (from reference 1) would provide a simple 
basis f o r  evaluating the necemary changes in exhaust-nozzle dlameter. 
This method  proved  to  be somewhat inaccurate,  however,  and  better 
correlation of the data was obtained by calculating, A-aan 
equation (62) in appendix D, the  exhaust-nozzle  diameters  required 
to maintafn cammon exhaust-gas  temperatures for all test configwa- 
tiom. The  performance  variables were adjmted by means of the 
curves of performance  variables  against  exhaust-nozzle  diameter 
(reference 1) once the ad jueted exhaust-nozzle diameter was calculated. 

Calculation of thrust from intake-duot pressure loss  and basic 
engine  performance. - The analp ie  in appendix C develops an equa- 
tion to evaluate  the  adjusted t b r u e t  from intake-duct  pressure loss 
and basic engine perfamnance, Values of thrust  calculated bg mearm 
of equation (51) (appendix C) checked very closely the adgueted 
thrust  determined by the  method of data adjustment previously 
described.  Because of the cloee agreement of adjusted experfmental 
thrust and calculated  thrust as shown In table I for configuration8 
A and B, calculated  values of thrust f o r  configurations C and D 
(in which  interference imposed by the  boundary-layer-rem6v-al  equip- 
ment mused inaccurate thrust measurements) were considered reliable 
for  these oonfigurationa and are also included in table I. 

Adjustment of data  to ccB1IM)n exhaust-gas  temperature  required 
because of tail-pipe  pressure loss. - Inasmuch 8s tail-pipe-pressure- 
loss  data  were inadequal%, no analysis was developed  to assist i n  
adjustment of the data required because of exhaust-gas-temperature 
differences  cauaed by tail-pipe losses. Hence,  adjustment of the 
data was based on -the curve of e&m..~st-gaer  temperature  against 
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exhauet-nozzle  diameter  (reference 1). Ne@igible  error  results 
from this  procedure  because of the  relatively ma11 temperature 
difference8 resulting from tail-pipe  losees. 

Intake-Duct  Pressure Lo68 

Losaes in total  pressure from the  intake-duct  inlet to each of 
the  instrumented eectiom of t h e  duct  (section B, section C, and 
station 1, fig, 6) are shohi  88 percentage of ambient preesure in 
figure 8. Caparison of figures 8(a) and 8(b) indicates that opening 
the  boundary-layer slot elightly reducee  the  total-pressure loee to 
section B but appreciably increasee t he  lqssee to  section C and 
etettion 1 (compressor  inlets). Theee effects  were probably cauasd 
by flow of air  into the duct  through  the boundary slot. Comparison 
of f iguree 8 ( c )  ana 8(d).  with 8(a) shows a slight increase in the 
loess8 to section €3, section C, and station 1 for the boundary- 
layer-removal  configurations C and D over  those f o r  the closed- 
bourrdary-layer-slot  configuration A. Boundary-layer removal up to 
2 percent of the  air flow vaa ineffective in reducing  the  duct  pres- 
sure loss. 

Perfomnance  data  oorrected to standard inlet  conditions  but 
unadjusted to  common  exhauet-gas  temperatures are presented in 
figures 3 to 12, In which  thrust,  fuel f low,  air flow, and  ebhaust- 
gas indicated  temperature =,e shown 88- functions of corrected ro to r  
speed.  Data for configurations A, B, and F (fig.  S ) ,  configura- 
tions C and F (fig.  lo), end configurations D and E (fig. 11) , 
are canpared.  Becauee of the  previously  mentioned  interference  with 
thrust  measurement  imposed by the  equipment ueed to remove the 
boundary layer, the  thrust  data  for  configuratiana C and D were 
inaccurate;  hence,  thrust'curves for these  configurations  have been 
omitted.  The  thrust  dsta from configuretiom E and F are 
presented  in  figure 12. The performance c m e s  as ahown provide a 
poor caparison of the  configurations  used  because of variations in 
exhaust-gas  temperatures (figs. g(d), 10 (c) , and 11( c) ) . 

The  exhaust-gas  temperatmet? of configuration E (fig.  ll(c)), 
t o  which all the pedormance data.&re  adjusted, are replot ted in 
figure 13 with an expanded speed male. 
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The adjusted,  coxected p6Fformance d a t a  are presented i n  f ig-  
ures 14 t o  16. Thrus t  curves  calculated by the method described 
previously a r e  sham in fl.gurea 15(a) and 16(aj for configurations 
C and D, Pespectively. Spzcific-fuel-consumption data  (figs. 15(d) 
and 16(d) ) were detemined u s i w  taese calcuhte2 values of thrust 
(figs.  15(a) and 16(8).). 

The effect  of the XFR-1 intake duc3 and shroud on .the engine 
performance may be observed by comparing the perf'omnce  variable8 
of configurations A and B with thoce 02 configuration F i n  f ig-  
ure 14, the variable8 of configuration C KIzh those of Configura- 
t ion F in  figure 15, and the  variables of conffguration D rrlth 
those of configuration E in f i v  16. In general, because of 
attendant pressure loas, the  effect  of the intake  auct is t o  decrease 
the   s ta t ic  t h r u s t ,  the fuel flow, and the air flow and t o  increase. 
the  epecific fuel cansrunption. 

As shown i n  the figures and eummarized i n  table 11, the loesee 
in  t h r u s t  w i t h  the  f o u r  duct  configurations m1'e a l l  about the same 
(from 80 t o  90 1% at  16,500 rpm) and varfed b a manner consistent 
n l th  the variation in  intake-duct  total-pressure loss (2.64 t o  3.36. 
percent of the duct-inlet preeeure Po). The largest loss in  thrust 
occurred w i t h  the open-boundary-lager-slot  configuration B. The 
lomes in thruet  (calculated) that occurred with boundary-layer- 
removal configurations C and D were 86 and 85 pounds for intake- 
duct t o t a l  pressure  losees of 2 . 7 0  and 2.65 percent of the  duct-inlet 
pressure, respectively. 

T h r u s t  losses caused by the XFR-1 t a i l  p ipe  a8 compared to the 
P-59A t a i l  pipe mag be observsd by camparing the- t h r u s t  f o r  config- 
uration E (P-59A t a i l  pipe, f i g .  le(&)) w3th the  thrust for  oonfig- 
uration F (XFIi-1 tail pipe, f ig .  14(a) or  =(a)) and a r e  swmnarized 
i n  table III. The engine t h r u s t  was elfghtly  greater  with  the P-59A 
t a i l  pfpe than with the XE'R-f tail pipe over the f u l l  range of rotor 
speeds with a maximum difference of 24 pounds at a rotbr speed of 
15,000 rpm and a difference of 13 ponds  a t  maximum rotor  speed 
(16,500 rpm) . a 

SUMMARY OF RESULTS 

An investigation of the performance of 813 1-16 turbojet engine 
equipped with the XEIR-1 intake  duct, shroud, and tail p ipe  showed the 
f ollawing results : 

1. The maximum total-preesure loes in  the intake  duct and shroud 
of 3.36 percent of the ambient c e l l  preseure occurred with the 
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boundary-layer s l o t  open at  a ro to r  speed of.l6,5@0 rpm. The 
attendant 108a In thrus+, -&a 90 pounda. The Frrtak+duct total -  
preseure losses for  the other three duct configurations were between 
2.64 and 2.70 percenk of the  ambient cell presswe with accmpanying 
thruet losses of 80 to 86 pounds at the a&me engine r o t o r  speed. 

2 .  The  maximum t h r u s t  loss caused by the XFR-1 f a l l  pipe a s  
cmpaxed t o  the P-59A t a l l  pipe, k-aa 24 pounde at an engine r o t o r  
epeed of 15 000 rpm. The t h r u s t  108s a t  msximum engine rotor speed 
(16,500 rpmj caused by the XKR-1 t a i l  pipe was 13 pounds. 

Flight Propulsion Reeearch Laboratory, 

Cleveland, Ohio. . 
National~Advlsory Committee for Aeronautics, 

Approved : 
Eugene J. ManganielIo, 
Mechanical Fslgineer . 

Ben jamb P a d e l ,  
Physicist. 

HslTy w. Dowman, 
Mechanical Engineer. 
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AFPE!lDIX A 

SYMB0I.s 

In addi.tlon to the ~ p i b o l ~  d e f k e d  in %he text, the following 
aymboh and necesaary  values are ueed in the analyses: 

area, sq in. 

exhaust-nozzle-area  coefficient 

exhaust-nozzle-velocity  coefficient,  ratio of actual Jet 
velocity to idea l  Jet valoclty , 

specific  heat of exhaust gas  at  conatant pre8sure, Btu/(lb) (3) 
exhauet-nozzle diameter, in. 

f uel-air  ratio 

acceleration of gravity, 32.2 ft/sec 

campressor  horsepower 

turbine horeepmer 

mechanical equivalent of heat, 778 f t - l b b t u  

static pressure,. lb/sq in. absolute 

gss constant, ft-lb/(lb) (9) 

static  temperature, OR 

velocity,  ft/eec 

2 

@;a8 f b W ,  lb/BeC 

burner preesure  drop,  lb/eq in. 

compressor efficiency 

turbine  efficiency 

ratio of specific  heats of exhaust gas 
* 
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2 campreseor o u t l e t  

The stations referred to by numerical enbscr2pts are shown In 
figure.6. . .  - . .  

. . .  
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The relatfona between temperature, pressure, and  velocfty that 
are  required to develop tha amlysis of apperdixee C and D are ' 

eetablished in append- B. In appendfx C, an equation f o r  calcu- 
lating the engine  thrust f rom intake-duct preesure-loss data and 
basic engine-pel'farmance data ie derived. Thie analgeie is extendM 
in appendix D to  develop an equation f o r  calculating the exhaust- . 

nozzle size requ;red to maintain constant.  exhauet-gas  temperature 
for varioue Intake-duct prelseure losses at a given engine speed. 

The perfomnance of a turbojet engine ie determined by rotor . . * 

speed N, campresaor-inlet  total  temperature TI, and -any other 
given  condition. For a given  rotor speed N, compressor-inlet 
temperature TI, and exhaust-gas temperature T7 (obtained by 
variation af exhauet-nozzle area), all. pressure ratios acro~s the 
various cmponects EL& a l l  velocities and temperatures in the  system 
(from  compressor  inlet  to exhaust-nozzle inlet) are maintained 
constant. 

Proof of the preceding  statement follawe: 

B = oane-nt 

If' the exhaust nozzle is adjueted, 

T5 = constant 

For a given VO and To 

From equation (1) 

hp,/Wa = constant 

Ti - T1 = conetant 

Tz = conetiant 
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From equatione ( 
assumed, 

MCA RM No. E7G24 

2)  and (6), if a constant  cambustion efficiency is 

f/a = constant (7) 

Because turbine p m r  1s. equal to cwpreeeor power, from equa- 
tion (4)  

80 fraui equatIone..(7), (8), and (9)  

-om equatione (2) and (IO) 

or 

NOW 

T, = constant (11) 

If eonic flow through the turbine-nozzle throat ie ammmed, 
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From the equation of state  at station 2 and the relation between 
static and to ta l  oonditiom, - I - 

From equation (17) . 
W,/P2 = constant 

Now 

and 
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. :  . .  . .  . .  
. . .  , . wa O3 p1 @8(v1) .. (26) 

, ; .  , .  ... :. . : 
Because, i n  general, and i n  equations (21) and (26) 

reepectively, &re not the 8Bme function 

Wa/Pl. = conetant 

In a similar manner it can be shown that 

and also that 

V7 = conatant 
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m m 1 x  c 

17 

. 

An equation for calculating the engine thruet frm intake-duct 
preseure-lose data and basic engine-perfamance data is derived in 
the following analysis. The subscript n in this a2pendix and 
appendix D refers to the  condition in-which there a r e  no inlet  
losses. In general, s p b o l s  lackihej th2s eubacript apply to the 
condition in which inlet  losses exist. Symbols of quantities that 
do not vary w i t h  intake-duct preesure loesee alEo lack this subscript. 

The actual j e t  velocfty w i t h  no inlet losaes €8 

The j e t  velocity with inlet losses (using equation (11)) is 

The net thrust  without inlet loases is 

L 

From equation (35) 
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and because 

or 

y-l 7-1 (2) =(?) 
With in le t  losses 

From equatiom (38) and (45) 

NACA RM No. E7G24 



Because, from equatlon (281, 



20 - NACA FM No. E7G24 

An equation.for  calculating  the  exhaust-nozzlo sizee required 
to maintain constant exhaust-gas tqerakure f a r  m i o w  Intake-duct 
presaure losses is developed. 

From t h e  equation of state at the exhauet-nozzle throat ( j e t )  
for the engine opera?€ng with no inlet  losses. 

With inlet 106~308 

Now ( f r o m  equation (28) ) 



'8 >n 
v8 
" - r - 1 1  

21 

(57) 

Substituting  equations (551, (56), and (57) in equation (54) gives 
7 

r - l f  

From equatlone (40) and (44) 

7 - 1  

1 -  (pa)-" - 
P7,n 
r-I 

1 - (2) 

y-l 



.. . 

8' 

. . .  . . .  . . . 

N 
N 
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ram Vo 

+ (1 - 
7 - 1  

- 1  4 
of zero 

1. Jones, William L., and Ikrman, ECamy W.: Ekperfmental Inveatfga- 
tion of a 1600-PoUna Thrus t  Centrifugal-Flow-Type Turbojet 
m i n e  b;y Injection of Refrigerants at Ccanpreesor Inlets. PEACA 
RM No. E7G23, 1947. 

. 



TABLE I - ADJUSTED MPERIHENTAL THRUST AVD THRUST CALCULATED F R O M  INTAKE-DUCT TOTAL- 

PRESSURE LOSSES'FOR 1-16 WGIBE WITH XFR-1  INTAKE  DUCT AND SHROUD 

I 

, 

Cor- 
rec ted  
r o t o r  
speed 
N I T  
( rpm 1 

12,000 

13,000 

14,000 

16,000 

16,000 

16,500 - 

Conflguratlon A: Boun- 

XFR-1 t a l l   p i p e  

C o n f l y r a t i o n  B: Boun- 
dary-layer   s lot  open, dwy- layer   s lo t   c losed ,  
XFR-1 t a i l  pipe 

e .01 
2.42 

1630 2.04 

Ldjusted 

loss ;hruat 
pressure ;est 
t o t a l -  3 ta t lc  
Duct 

Fc Po - P l  
( l b )  

(percent  
PO 

533 

2.51 980 

2.04 798 

1.68 652 

1.36 

1243 3.07 

1397 3.36 

Calau- Ad jus ted 
l a t e d   s t a t i c  
s t a t i o  I t e a t  

968 978 

Duct 

pressure 
total- 

lose  
Po - p1 
(percent 
"5- 

1.10 

1.36 

1.66 

2.02 

2 $44 

2.70 

Configuration C: 
Boundary-layer 
removal, XFR-1 
t a l l  pipa .- 

VI 
" 

- 

- 
Calcu- 
l a t e d  
s t a t i c  
t h r u s t  
Ft 
(Ib) 

- 
533 

649 

794 

914 

1236 

1381 

:onfigurat lon D: 
bundary-layer 
*emoval, p-59A 
; a l l  pipe 

(1) 
hlc t 
;o ta l -  l a t a d  

Calcu- 

m s s u r e  s t a t i c  
t h rus t  .os3 

'0 " p1 F t  
Pg 
percent )  

(lb) 

1.10 

1.36 

641 

1.99 

806 1.65 

e53 

1395  2.65 

1246  2.41 

999 

'Thrust measurements  inaccurate because o f  i n t e r f e r e n c e  o f  boundary-layer-removal  equipment w i t h  
thrust-measuring  device.  

NATlON4L ADVISORY 
GOMUITTDI FOR AERONAUTICS 

. . . . . . . . . .. . . . e .  . . .. .. . .  ... ... .. , 1 * 
. . .  



Conflguratlon A: .. Bounaary-layer 
slot open, ICFR-1 hail uipc slot closed, XFB-1  taL1 p'lpe 
Co~F igumt ion  B : Boundary-layer 

7 - 

. . .  . ... 

I . 

Corrected 
rotor 
apead, 

N / C  
(rxrm) 

12,Ooo 

13,000 

14,000 

15,000 

16,000 

16,500 

1414 

798  1445 

652 

1387 1630 

1243 1584 

980 1502 

P 

t 
a 

C 
U 

I 

- 

m o t  

t h a t ,  th rust ,  pressure 
stat ic  s ta t i o  total- 
Adjusted Adjusted 

PO - PI uxefion B uratlon f 
PO PO 

( l b )  ( l b )  (percent) 
FC 

loss config- conflg- 

- 
558 25 

837 795 1.66 39 037 

682 640 1.37 30 682 

558 530 1.12 

1030 50 2.01 9 78 

1467  1377 2.64 80 1467 

1310 1230 2.42 67 1310 

1030 

3 

h c t  
aid- 
?reEsure 
Loss 
?o " PI.. 

(peroent) 

1.36 

PO 

" 

1.68 . 

2.09 

2.51 

3.07 

3.36 

Wtlanal Aavlsory Cmlttee  
for Aeronautics 

UI 
N 
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T W  I1 - THRUST LOSSIS CAUSED BY INTAKE-DUCT TOTAL-€%E%URE LOSSES - Concluded 

N 
(T1 

~ ~ ~ 

Corrected 

gas indic- speed, 
exhauet- ro tor  
Adjusted 

m / q F  ated 

(rpm) tempera- 
ture 
T7,c 
( O R )  

12,000 1398 

13,000 1414 

14,000 ,144245 
"' . . 

i5,m 1502 

.-16,000 1584 

16,500 1630 

Conf'iguration C: Boundary-layer 
removal 

:alcu- 
.ated 
3tatic 
;zrust, 
>0Ilftg- 

Ft 
Eation C 

fib) 
533 

649 

794 

9 74 

1236 

is81 

m-1 ta: 

558 

682 

837 

1030 

1310 

1467 

b U 6 t  D U C t  
:oee total- 

:(la) loss 
AF pressure 

Po - p1 
FO 

(percent) 

25 1.10 

33 I 1.36 

removal 
Zalcu- 
Lated 
thrust, 
zonplg- 
uration '11 

Ft  
(lb 1 

541 

653 

.806 

999 

1246 

1395 

t 
C 

' I ;  

" 

1 

P-59A 

@lusted 
ltatic 
;hrust, 
:onfig- 

FC 
cration E 

(Ib) 

566 

686 

848 

1054 

1319 

1480 

25 

33 

42 

55 

73 

a5 - 

hct  
;otal- 
m a s u r e  
.os8 

'0 - p1 
PO 

:percent) 

1.10 

1.36 

1.65 

1.99 

2.41 

2.65 

National Advisory Committee 
for Aeronautics 

I 

. .  
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NACA RM lb. E7G24 . .  . .  . .. < - .  

PD?E AS COMPARED WEPH P-59A TAIL PIPE 

rotor 
epeed, . 

13, OOo 

14,000 

15,000 

16,000 

16,500 

AdJusted 

config- temperature 

s t a t i c  ' exhaust-gas 
Adjueted 

f I l d i a k e d  thru8%, 

T 7 , c  
(9) 

uration E, 
P-59A tail 
Pipe 

*c 
O b )  . 

1398 

1480 1630 

1319 1584 

1054 1502 

848 1445 

686 1414 

566 

27 
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IMIEX OF FIGURES 

NACA RM No. E7G24 

Figure 1. - XFR-1 intake  duct  and shroud. 
(a) Top vim. 
(b) Side view. 

Figure 2.  - General arrangement of equipment  ueed for boundary-layer 
removal. 

Figure 3. - Configwations and inatrumentation of XTR-1 and P-59A 
tail  pipes used in sea-level  -investigatian  at zero ram of 1-16 
turbojet  engine with XFR-1 intake duct and  shroud. 
(a) Tail  pipes. 
( 3 )  Arrangement of' themcouples at statim 7 ;  thermocouples 
connected in parallel. 

Figure 4. - General  arrangement of equipment  for  sea-level  investi- 
gation at zero ram of 1-16 turbojet engine with XFR-1 intake  duct, 
shroud, and tail  pige. 

Figure 5. - Front  view of setup for eea-level investigation at zero 
ram of 1-16 turbojet  engine  with XFR-1 intake duct, ahroud, and 
tail  pipe. 

Figure 6. - Inatrumentation of sections of XlD-1 Fntake duct  and 
shroud and stationa of 1-16 turbojet  engine. 

Figure 7. - Temperature rise acrom XFR-1 duct for configurations A 
and B used to estimate  comparative  inlet'temperaturse for config- 
uratione  without  duct (E and F). . .. . '  

Figure 8 .  - Lose in total preseure between inlets of XFR-1 intake 
duct and various statione of intake duct, 
(a) Configuration  A,  boundary-layer slot clomd; XF'R-1 tail  pipe. 
(b) Configuration B, boundary-layer  slot  open; XFR-1 tail  pipe. 
(c)  Configuration  C,  boundary-layer removal; XFR-1 tail pipe. - 

(a) Configuration D, boundary-layer removal; P-59A tail  pipe. 

Figure 9 .  - Comparison of 1-16 turbojet  engine  performance  with 
XFR-1 intake duct In two positions and without intake duct  and 
shroud. XFR-1 tail  pipe  and nozzle. 
(a) Thrust. 
(b) Fuel flow. 
(c)  Air flow. 
(d) Exhaust-gae indioated  temperature. 
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Figure 10. - Comparison of 1-16 turboJet engins performance  with 
removal of boundary layer fruu XFP-1 intake duct m d  with intake 
duct and shroud removed. XFR-1 tail pipe  and nozzle. 
(a) Fuel flow. 
(b) A i r  flm. 
(c)  Exhaust-gas  indicated  temperature. 

Figure 11. - Comparison of 1-16 turbojet engine performance with 
removal of bowd.ary layer  from XPR-1 intake duct  and  with  intake 
duct and shroud removed. P-59A tsil  pipe and nozzle. 
(a) Fuel flow. 
(b) Air flow. 
(c) ~hchaust-gas irdicated  temperature. 

Figure 12. - CmpGison of thrust of 1-16 turbojet engine equipped 
with P-59A t a i l  pipe and nozzle and with  the XFR-1 tsil  pipe and 
nozzle. No intake duct nor shroud. 

Figure 13. - Erchaust-gas  indicated  temperature for configuration E 
to which data f rom other  configurations W B T ~  adjusted. P-598 tail 
pipe and nozzle; no intake  duct rim ehroud. (Raplotted from 
f ig .  Il(c) .) 

Figure 14. - C o m p a r i s o n  of adjusted 1-16 turbojet engine perfomnance 
with XFR-1 intake duct in two poeitions and with intake  duct and 
shroud removed. XFR-1 tail  pipe and nozzle. Data adjusted to 
exkaust-gas  indicated  temperature of configuration E. 
(a)  Thruet. 
(b) Fuel flow. 
( c )  Air flow. 
(a) specific fuel consumption. 

Figure 15. - CnmpariBon of adjueted 1-16 turbojet engine performance 
with  removal of boundary layer from XFR-I intake  duct and with 
intake duct and shroud removed. B'R-1 tail p i p e  and nozzle.  Data 
adjusted  to  exhaust-gas indicated temperature of configuration E. 
(a) Thrust. 
(b) Fuel flow. 
(c) Air flap. 
(a) Specific fuel consumption. 

Figure 16. - Comparison of adjusted 1-16 turbojet engine perfemnce 
with  removal of boundary layer from XFR-1 intake duct and with 
Intake duct and shroud removed. P-59A tail pipe and nozzle.  Data 
adjusted  to  exhaust-gas  indicated  temperature of configuration E. 
(a) Thrust. 
(b) Fuel f low.  
(c) A i r  flow. 

d 

(a) specffic fuel conamption. 
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Figure 3. - Configurations and instrumentation o f  XFR-I and P - W A  tail pipes used in sea-level  inves- * 
tigation at zero ram of 1-16 turbojet  engine with XFR-i intake duct and shroud. w 
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F i g u r e  8 .  - LOSS in t o t a l  p r e s s u r e  b e t w e e n  i n l e t s  of XFR- I  i n take  d u c t  
and  var ious stat ions of intake duct. 
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F i g u r e  8. - Continued. Loss i n  t o t a l  p r e s s u r e  b e t w e e n  i n l e t s   o f  XFR-I  
intake duct and v a r i o u s  stations o f  intake duct. 
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F i g u r e  8, - Continued. Loss in to ta l  pressure b e t w e e n  inlets o f  XFR-I 
i n t a k e , d u c t  and various. s t a t  ions of i n t a k e  duct,  
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(a) Thrust. 

F i g u r e  9, - Comparison o f  I- 16 . turbo je t  engine per fo rmance w i t h  XFR-I 
i n t a k e  duct  in two positions and without intake duct and s h r o u d .  
XFR- I t a i  I p i p e  and nozzle. - - . '  , 
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Figure 9- - Continued. Comparison of 1-16 t u r b o j e t  engine per formance 
with XFR-I intake duct  i n  two positions and without  intake duct and 
shroud, XFR- I tai I p i p e  and nozz e. 
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F i g u r e  9. - Concluded. Comparison o f  I- 16 turbojet  engine performance 
w i t h  XFR-1 in take  duct in two  positions and without intake d u c t  and 
shroud. XFR- I tai I p i p e  and nozz le ,  
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(a1 Fuel flow. . F i g u r e  IO, - Comparison o f  I- 16 t u r b o j e t  engine  per formance . w i t h  removal 

of boundary  layer  f rom XFR-1 intake duct  and w i t h  i n t a k e  duct and 
shroud removed, XFR- I ta i  I p i  pe and  nozzl  e. 
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( c )  Exhaust-gas indicated temperature. 

F i g u r e  10. - Concluded,  Comparison o f  I- 16 t u r b o j e t  engine performance 
with.   removal  o f  boundary l a y e r  from XFR- I i n t a k e  d u c t  and w i t h   i n t a k e  
duct  and s h r o u d  removed, XFR- I t a i  I p i p e  and nozzl  e, 
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F i g u r e  I la  - Comparison o f  1-16 t u r b o j e t   e n g i n e   p e r f o r m a n c e  w i t h  removal 
of boundary   layer   f rom XFR- I i n t a k e  duct  and w i t h  i n t a k e  duct a n d  
shroud removed, P-59A t a i l   p i p e  and n o z z l e .  
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i Configuration 

0 D, b o u n d a r y - l a y e r  r e m o v d  
A E, no i n t a k e  duct nor  shroud 

8 10 12 14 E X 103 
Corrected rotor speed, N/W, rpm 

(c) Exhaus t-gas indicated t e m p e r a t u r e .  
Figure 1 1 .  - Concluded, . Comparison o f  I- 16 t u r b o j e t  e n g i n e  performance 
with removal O f  b o u n d a r y  l a y e r  from XFR- I i n t a k e  duct and- w i t h  i n t a k e  
duct a n d  shroud removed. P-59A ta i I pipe and nozzJ  e. 
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F i g u r e  12. - Comparison o f  t h r u s t  o f  3- f 6 ’ t u r b o j e t  engine  equipped w i t h  

P-59A tai.1 p i p e  and  n o z z l e  and  w i t h  t h e . X F R -  I t a i l  p i p e  and n o z z l e .  
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F igure  14. - Comparison of a d j u s t e d  1-16 t u r b o j e t  engine performance 
w i t h  XFR- I  i n t a k e   d u c t   i n  two p o s i t i o n s   a n d  w i t h  i n t a k e   d u c t   a n d  
shroud removed. XFR- I t a i  I p i p e  a n d   n o z z l e ,   D a t a   a d j u s t e d  to ex- 
haust-gas indicated temperature o f  configuration E. 

0 
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. F i g u r e  14. - Continued,  Coqparison o f  a d j u s t e d  1-16 t u r b o j e t   e n g i n e  
performance w i t h  X F R - I  i n t a k e  duct i n  two positions and  w i t h   i n t a k e  
duct  and shroud removed, X F R  I t a i l   p i p e   a n d   n o z z l e ,   D a t a  a d j u s t e d  
t o  exhaust -gas   Ind ica ted  temperature o f  c o n f i g u r a t i o n  E. 



NACA RM NO. E7624 - F i g -   f 4 c  

..... : 
: :  ...I 
- .  
.. e... .. . .. . 

0 .. 

F i g u r e  14. - Continued,  Comparison o f  a d j u s t e d  1-16 t u r b o j e t  engine 
p e r f o r m a n c e   w i t h  XFR- I  i n t a k e   d u c t   i n  two p o s i t i o n s   a n d   w i t h   i n t a k e  
duct   and  shroud removed. XFR- I t a i  I p i p e   a n d  n o z z f  e, D a t a   a d j u s t e d  
t o  e x h a u s t - g a s   i n d i c a t e d   t e m p e r a t u r e   o f   c o n f i g u r a t i o n  E. 



NACA W No. E7G24 - Fig ,  14d 
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Corrected  rotor  speed,  N/ fl, rpm 
(d) Specif ic  f u e l  consumptfon. 

F i g u r e  14, - Concluded,  Comparison o f  a d j u s t e d  1-16 t u r b o j e t   e n g i n e  
p e r f o r m a n c e   w i t h  XFR- I  i n t a k e   d u c t  i n  two p o s i t i o n s   a n d  w i t h  i n t a k e  
duct  and shroud removed, XFR- I t a i l   p i p e   a n d   n o z z l e .   D a t a   a d j u s t e d  
to exhaust -gas  indicate!   temperature  o f  c o n f i g u r a t i o n  E. - 
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12 13 14 15 16 
Corrected rotor speed, N / m  rpm 

(a) Thrust. 
F i g u r e  .15- - C o m p a r i s o n  o f  a d j u s t e d  1-16 t u r b o j e t   e n g i n e   p e r f o r m a n c e  

w i t h   r e m o v a l  o f  b o u n d a r y  layer from XFR- I i n t a k e   d u c t  a n d  w i t h   i n t a k e  
d u c t  and s h r o u d   r e m o v e d .  XFR- I tai I p i p e  a n d   n o z z l e .   D a t a  a d j u s t e d  
to e x h a u s t - g a s   i n d i c a t e d   t e m p e r a t u r e  of c o n f i g u r a t i o n  E- 
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NACA RM No. E7G24 - F i g ,  15b 
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F i g .  15c 

(c) Air f l o w .  

F i g u r e  15. - C o n t i n u e d .  C o m p a r i s o n  o f  a d j u s t e d  J -  I6 t u r b o j e t  e n g i n e  
p e r f o r m a n c e  w i t h  removal o f  b o u n d a r y  l a y e r  f rom XFR-'I in take  d u c t  a n d  
w i  t h  i n t a k e   d u c t   a n d   s h r o u d  removed, XFR- I ta i  I p i p e  a n d  nozzle. 
Data adjusted to exhaust-gas  indicated  temperature of  configuration E. 

Y ~ ". 
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(dl Specific fuel consumption. 

F i g u r e  15, - Concluded, Comparison o f  a d j u s t e d  1-16 t u r b o j e t   e n g i n e  
performance w i t h  removal o f  boundary I a y e r  from XFR- I i n t a k e  duct  a 
w i t h   i n t a k e  duct  and s h r o u d  removed, XFR- i t a i  I p i p e  and  nozzle.  
D a t a   a d j u s t e d  to e x h a u s t - g a s   i n d i c a t e d   t e m p e r a t u r e  o f  c o n f i g u r a t i o n  

In d 

E. 
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(a) Thrust. 

F i g u r e  16. - Comparison o f  a d j u s t e d  1-16 t u r b o j e t   e n g i n e   p e r f o r m a n c e  
w i t h  removaf of boundary l a y e r  from XFR- I i n t a k e   d u c t   a n d  with i n t a k e  
duct   and shroud removed. P-59A t a i  i p i p e   a n d   n o z z l e -  Data a d j u s t e d  
t o  exhaust-gas i n d i c a t e d   t e m p e r a t u r e  o f  c o n f i g u r a t i o n  E, 

L, 
u .  
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\ 

(b) Fuel f low.  
F i g u r e  16, - Cont-inued.  Comparison o f  a d j u s t e d  1-16 t u r b o j e t   e n g i n e  

p e r f o r m a n c e   w i t h   r e m o v a l   o f   b o u n d a r y   l a y e r   f r o m  XFR- I i n t a k e   d u c t  and 
w i t h   i n t a k e   d u c t   a n d  shroud removed. P-59A t a i l  p i p e   a n d   n o z z l e .  
Data a d j u s t e d  to exhaust -gas   ind ica ted   temper ,a ture  of c o n f i g u r a t i o n  E. 
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NACA RM No. E7624 - Fig,  16c 

( c )  Air f l o w .  
c F i g u r e  16. - Continued.  Comparison o f  adjusted I-'l6 t u r b o j e t  e n g i n e  

performance w i t h  removal of boundary I a y e r  f rom XFR-I i n t a k e  d u c t  and 
w i t h  i n t a k e   d u c t  and shroud removed, P-59A t a i l  pipe and n o f z l  e, 

"f Data a d j u s t e d  t o  e x h a u s t - g a s   i n d i c a t e d   t e m p e r a t u r e  o f  c o n f i g u r a t i o n  E, 
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Corrected r o t o r  speed, W/m r p m  
( d )  Speci f ic  fuel consumption. 

F i g u r e  16. - C o n c l u d e d ,   C o m p a r i s o n  o f  a d j u s t e d  I- 16 t u r b o j e t   e n g i n e .  
p e r f o r m a n c e   w i t h  removal o f  boundary l a y e r  from XFR- I i n t a k e   d u c t  and 
w i t h   i n t a k e  d u c t  a n d   s h r o u d   r e m o v e d -  P-%A tai  I, pipe a n d   n o z z l  e. 
Data ad justed  to e x h a u s t - g a s  indicated t e m p e r a t u r e  o f  configuration E. " 
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